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Abstract. Altimetry satellite data, has a very low spatial resolution for using in determine fishing 
ground area. With very low spatial resolution is required interpolation method that can mapped Sea 
Surface Height (SSH) with a good result. SSH data from Global Near Real Time from AVISO, mapped in 
geographic projection and interpolated with Inverse Distance Weighting (IDW) and Ordinary Krigging 
method. This interpolation method are expected to know which the good method for mapped SSH data 
in resulting better information. The results of statistical calculation shows that RMSE value and 
standar deviations from kriging method is smaller than IDW method. 
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1 INTRODUCTION 
Indonesia is one of the countries 
that have very extensive marine waters, 
where 62% of the total area is ocean. By 
having a very extensive ocean, Indonesia 
has a very rich fishery commodities. Many 
research has been done on the 
determination of fishing ground areas, one 
of them by using a parameter Sea Surface 
Height (SSH) as has been done by Kanno 
(2006) and Wei (2009). In addition, sea 
surface height as a important parameter 
to study the ocean and atmosphere dynamic 
phenomenas, such as El Nino, La Nina, 
Indian ocean Dipole, etc. (Picaut et al., 
2002; Lee and Le Traon, 2006). 
Sea Surface Height (SSH) is the 
height of the ocean's surface. On a daily 
basis, SSH is most obviously affected by 
the tidal forces of the moon and the sun 
acting on the Earth (Lee and Cazenave, 
2001; Lindsley, 2013). Variations in SSH 
can be measured by satellite altimetry e.g 
Topex/Poseidon, Jason-1, Jason-2 (OSTM), 
Cryosat etc. Sea surface heights are 
calculated at defined ‘reference points’ 
along the track (e.g. incremental values of 
latitude) by interpolation between the 
original 1-second altimeter measurements. 
The orbit of an altimeter satellite is 
repeated at regular intervals (e.g. 9.9156 ~ 
10 days, in the case of TOPEX/Poseidon 
and Jason-1 and -2). Altimeter data can 
be obtained freely from several agencies, 
such as AVISO (www.aviso.oceanobs.com), 
NASA PO.DAAC (podaac.jpl.nasa.gov), 
RADS (rads.tudelft.nl/rads), University of 
Colorado Sea Level Research Group 
(sealevel.colorado.edu) and CSIRO (www. 
cmar.csiro.au/sealevel). Altimeter data 
products are devoted to scientific 
applications and non-commercial use, and 
it was distributed in gridded product, 
provided in near-real time and in delayed 
time (AVISO, 2014). One spatial resolution 
is available: 0.25⁰ x 0.25⁰ on a Cartesian 
grid. Spatially, this resolution of SSH 
gridded data is considered insufficient to 
describe the sea surface height in internal 
seas (e.g. Indonesian Archipelagic waters). 
Spatial analysis can be applied to 
gridded data in order to obtain more detail 
the spatial information of SSH (Myers, 
1991; Li and Heap, 2014). Spatial analysis is 
the process of manipulating spatial 
information to extract new information 
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and meaning from the original data (Mitas 
and Mitasova, 1999). Usually spatial 
analysis is carried out with a Geographic 
Information System (GIS). A GIS usually 
provides spatial analysis tools for calculating 
feature statistics and carrying out 
geoprocessing activities as data interpolation. 
Interpolation is a method of 
constructing new data points within the 
range of a discrete set of known data 
points. The spatial interpolation methods, 
including geostatistics, have been developed 
for and applied to various disciplines (Li 
and Heap, 2008). There are many 
methods of interpolating randomly spaced 
point data. Some of these method are 
global while others are local. Global 
methods utilize all the known values to 
evaluate an unknown value, while in local 
methods only a specified number of 
nearest neighbours are used to evaluate 
an unknown value. 
A very basic problem in spatial 
analysis is interpolating a spatialy 
continuous variable from point samples. 
Three commonly used interpolation methods 
to model spatially distribution from point 
data are Inverse Distance Weighting 
(IDW), spline and ordinary kriging. 
Different methods will results different 
output. In this research, the writer used 
Ordinary Krigging method and Inverse 
Distance Weighted (IDW) (Dug and Nusret, 
2012; Setianto and Triandini, 2013; 
Shahbeik et al., 2013; Mueller et al., 
2004). Inverse Distance Weighted method 
can be grouped in a deterministic estimate 
which is based on the calculation of 
mathematical interpolation. Kringing 
method can be classified into stochastic 
estimation where the statistical calculation 
performed to generate interpolation, 
Pramono (2008). 
In determining the potential fishing 
ground, besides SSH parameters, can also 
use of Sea Surface Temperature and 
Choloril-a from remote sensing satellite 
data such as NOAA AVHRR and Terra/ 
Aqua MODIS. Spatial resolution of NOAA 
AVHRR and Terra/Aqua MODIS is l km. 
By combining the data SSH, SST and Chl-
a in determining the potential fishing 
zones will generate information that has 
more value. By applying the best fit 
interpolation method, attempted to 
produce a spatial resolution of the data in 
more detail so that SSH can be used or 
integrated with remote sensing data 
(Sandwell, 1987; Fieguth et al., 1998; 
Wilkin et al., 2002; Kuragano And 
Kamachi, 2003). 
The objective of this study is to 
determine optimum interpolation method 
for changing the size of the spatial 
resolution of satellite altimetry data is to 
be used or integrated in remote sensing 
data in the determination of potential 
fishing ground.  
2 MATERIALS AND METHODS 
2.1 Location and Data 
Data used in this study is global 
near real time Sea Surface Height from 
AVISO with spatial resolution 0.25 degree. 
There are four data that is 23th August 
22nd, 23th, 24th, 25th 2013. 
These maps show a daily sample of 
the along-track near-real-time (NRT) sea 
surface height (SSH) measurements from 
Jason-2 satellite altimeter mission. The 
seasonal cycle and trend have not been 
removed. Each map is generated from a 
10-day window of SSHA measurements. 
The NRT SSHA measurements from these 
missions are typically available within 5 to 
7 hours of real time. These measurements 
can be used for meteorological applications 
(i.e. weather), marine operations (i.e. 
fishing, boating, offshore operations), and 
other applications where knowledge of 
current ocean conditions are relevant. 
2.2 Methods 
The IDW is simple and intuitive 
deterministic interpolation method based 
on principle that sample values closer to 
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the prediction location have more 
influence on prediction value than sample 
values farther apart (NCGIA, 1997). Using 
higher power assigns more weight to 
closer points resulting in less smoother 
surface. On the other hand, lower power 
assigns low weight to closer points 
resulting in smoother surface. (Anderson, 
2008). The equation used is as follows: 
(2-1) 
where n is the number of scatter points in 
the set, fi are the prescribed function 
values at the scatter points (e.g. the data 
set values), and wi are the weight functions 
assigned to each scatter point. IDW is 
referred to as deterministic interpolation 
methods because they are directly based 
on the surrounding measured values or 
on specified mathematical formulas that 
determine the smoothness of the resulting 
surface. A second family of interpolation 
methods consists of geostatistical methods, 
such as kriging, which are based on 
statistical models that include 
autocorrelation—that is, the statistical 
relationships among the measured points. 
Because of this, geostatistical techniques 
not only have the capability of producing a 
prediction surface but also provide some 
measure of the certainty or accuracy of 
the predictions. 
Kriging assumes that the distance or 
direction between sample points reflects a 
spatial correlation that can be used to 
explain variation in the surface. 
The Kriging tool fits a mathematical function 
to a specified number of points, or all points 
within a specified radius, to determine the 
output value for each location. Kriging is a 
multistep process, it includes exploratory 
statistical analysis of the data, variogram 
modeling, creating the surface, and exploring 
a variance surface. Kriging is most 
appropriate when you know there is a 
spatially correlated distance or directional 
bias in the data. Krigging interpolation 
method are described in a large body of 
literature with reviews by Ripley (1981), 
Lam (1983), Webster (1984), Burrough 
(1986), McBratney and Webster (1986), 
Oliver and Webster (1990), Kleijnen and 
van Beers (2005), Hengla et al., (2007). 
Unlike IDW, kriging is method based 
on spatial autocorrelation. It uses 
semivariogram. Kriging was developed in 
the 1960s by the French mathematician 
Georges Matheron. The motivating 
application was to estimate gold deposited 
in a rock from a few random core samples.   
Kriging has since found its way into the 
earth sciences and other disciplines. An 
estimate of the weighted average given 
by the ordinary Kriging predictor at an 
unsampled site Z(s0) is defined by: 
(2-2) 
The first step in ordinary kriging is to 
construct a variogram from the scatter 
point set to be interpolated. A variogram 
consists of two parts: an experimental 
variogram and a model variogram. Suppose 
that the value to be interpolated is referred 
to as f. The experimental variogram is 
found by calculating the variance of each 
point in the set with respect to each of the 
other points and plotting the variances 
versus distance (h) between the points. 
Several formulas can be used to compute 
the variance, but it is typically computed 
as one half the difference in f squared 
(Aquavco, 2013). 
Figure 2-1: Experimental and Model Variogram 
Used in Kriging 
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Once the experimental variogram is 
computed, the next step is to define a 
model variogram. A model variogram is a 
simple mathematical function that models 
the trend in the experimental variogram. 
As can be seen in the above figure, the 
shape of the variogram indicates that at 
small separation distances, the variance 
in f is small. In other words, points that 
are close together have similar f values. 
After a certain level of separation, the 
variance in the f values becomes somewhat 
random and the model variogram flattens 
out to a value corresponding to the average 
variance. Once the model variogram is 
constructed, it is used to compute the 
weights used in kriging. The basic 
equation used in ordinary kriging is 
essentially the same as the equation used 
for inverse distance weighted interpolation 
(equation 1) except that rather than using 
weights based on an arbitrary function of 
distance, the weights used in kriging are 
based on the model variogram (Aquavco, 
2013). The following steps are performed 
of this research shown in Figure 2. 
Figure 2-2: Flowcart of the process 
Stages of processing based on the 
flow diagram in Figure 2-2, were designed 
and developed using the Python 
programming language. Global data NRT 
Jason-2 has the netCDF data format and 
to visualize the image of SSH should be 
done netCDF data format conversion into 
standard raster data formats such as 
GeoTIFF, IMAGE, DAT, etc. In this study 
using GeoTIFF data format. Reprojection 
and data format conversion process is a 
combination stages of processing, in 
which the image coordinate data that has 
a variable name Longitude and Latitude in 
the netCDF file is projected on the terms 
of corresponding the number of rows and 
columns. The results of the projected SSH 
data, do image croping or subset based 
Indoneian Seas, that is -11⁰ until 6⁰
Latitude and 95⁰ until 141o Longitude. The 
final stage of the process is the 
interpolation processing with improved 
spatial resolution becomes 0.05 degrees (5 
km). 
3 RESULTS AND DISCUSSION 
3.1 Interpolation Methods Application 
Interpolation results, if compared in 
raster form will show differences data 
value spread in several areas. In figure 3-1 
shows data from 22nd August 2013 before 
interpolation processing with spatial size 
0.25 degrees. In figure 3-2 (from kriging 
interpolation) and figure 3-3 (from IDW 
interpolation) show raster data after 
interpolation process. The difference of 
figure 3-1 (before) with figure 3-2 and 3-3 
(after), in the red box, showed that kriging 
method results arc darker and wider 
spread than IDW method result. 
Figure 3-1: Grid data from august 22nd 2013 
before interpolation 
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Figure 3-2: Grid data from august 22
kriging interpolation 
Figure 3-3: Grid data from august 22
IDW interpolation 
3.2 Interpolatioin Method Analysis for
Indonesia Seas 
Result from this research is data
processing from 22nd August 2013 until
25th August 2013 output contour data
from IDW and kriging interpolation
processing. Results from interpolation
processing, contour data, converted
raster data format with spatial size 0.05
degree to be used in the next step that is
determining fishing ground area
Kriging method gives output result
more variety value compared with IDW
method  gives. 22nd August 2013 data
(figure 3-4), in several areas show
difference value of interpolation result, for
example in figure that showed in the red 
box. In kriging method, range value wider 
Figure 3-5: Interpolation results from August 23
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Figure 3-4: Interpolation results from date 22
August 2013, (a) IDW (b) Ordinary 
Krigging 
From a data of interpolation
processing result, can defined several
differences that given. In figure 3
3-7 are result contour from next data
interpolation, which is the difference 
between kriging method and TDW method
processing result will showed in the box.
Besides of the globally visual and
data spread differences, Figure 3
subset that shows edge roughness in
range data value with others. Figure that
showed in the red box, kriging
interpolation result show smoother than
IDW interpolation result. It means that
value spread (arrow direction) in a value 
range of kriging method is smoother, and
IDW method has more variety value
th 2013, a. IDW; b. Ordinary Krigging
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From each interpolation processing,
table 3-1 (IDW method) and 3
method) are statistic value of processing
result that has done. Mean value and
RMSE are results from interpolation
processing, and deviation standard is from
interpolation processing raster data.
Kriging method results RMSE for each
data under 0.5, meanwhile IDW method
upper 0.5. In table 3-1, average of mean
Figure 3-6: Interpolation results from August 24
Figure 3-7: Interpolation results from August 25
Figure 3-8: Interpolation roughness from IDW (left) and Ordinary Krigging (right)
Table 3-1: Statistic
Date of data 
22 Aug 2013
23 Aug 2013 
24 Aug 2013 
25 Aug 2013 
Table 3
Date of data 
22 Aug 2013
23 Aug 2013
24 Aug 2013
25 Aug 2013
50 90
Legend
Land Sea Surface Height
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value and RMSE is 
0.668775. From RMSE value average 
showed that IDW method has not too big 
value even smaller than 1.
Meanwhile Table 3
interpolation) mean average value and
RMSE is 0.000502 and 0.298275. As
mentioned before, also from average result
the kriging method gives RMSE value 
smaller than IDW, even almost 0.
th 2013, a. IDW; b. Ordinary Krigging
th 2013, a. IDW; b. Ordinary Krigging
 results from Inverse Distance Weight (IDW)
Samples Mean RMSE Std. deviation on raster
11492 -0.01491 0.667
11492 -0.0156 0.6684 
11492 -0.01652 0.6743 
11492 -0.0165 0.6654 
-2: Statistic results from Ordinary Kriging 
Samples Mean RMSE Std. deviation on raster
11492 0.0004824 0.2959
11492 0.0005042 0.2956
11492 0.0005292 0.3021
11492 0.0004904 0.2995
Cm130
  
     
-0.01588 and 
 
 
 
-2 (kriging 
 
  
  
 
 
 
 
 
 
12.39
12.60 
12.77 
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12.21
12.41
12.57
12.56
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4 CONCLUSION 
The conclusions can be drawn from 
this research is the optimum interpolation 
method that can be used to change the 
cell size spatial resolution of the SSH data 
is Ordinary kriging. RMSE value and 
standar deviations kriging method is 
smaller than IDW method, this is the 
basis for the process interpolation SSH 
data to generate new data with increased 
spatial size and have more value. By using 
Ordinary kriging, features adjacent or 
complementary value will look more 
smooth than using IDW so that SSH can 
be displayed with a value that is more 
detailed and varied. 
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